With the advances of radioactive ion beams, our knowledge of nuclear physics has been extended from the stable nuclei near the stability line to the unstable nuclei far from the stability line−so-called exotic nuclei [1] , in which a number of entirely unexpected features and novel aspects of nuclear structure appear, e.g. the halo phenomenon [2, 3] , the erosion of traditional shell gaps [4] , the occurrence of new ones [5] , and the shape of the halo decoupled from the shape of the core nucleus [6] . The exotic nuclei play important roles not only in nuclear physics but also in astrophysics since their properties, including masses, beta-decay rates, level densities, and fission barriers etc., are crucial to stellar nucleosynthesis processes such as the r-process [7] [8] [9] [10] [11] [12] . Due to the short lives of the exotic nuclei, their properties are difficult to measure and only a few data are available. Therefore, a microscopic nuclear model which is reliable for the description of both stable and exotic nuclei is required to deepen our knowledge of nuclear structure and to understand the nucleosynthesis in the stars.
The nuclear mass is one of the fundamental properties which reflects the binding energy of nucleons and, thus, all interactions among them. The correct and high-precision description of nuclear binding energies is one of the major challenges for nuclear models. In the past decade, tremendous progress has been made and a number of global nuclear mass models have been proposed.
The finite-range droplet model (FRDM) [13] is a success macroscopic-microscopic mass model, in which the macroscopic part is described by the modified Bethe-Weizsäcker's formula [14] , and the microscopic part is composed of shell correction and pairing correlation.
Recently, a semiempirical nuclear mass formula-the Weizsäcker-Skyrme (WS) model with less parameters has been proposed, which is based on the FRDM and the Skyrme energydensity functional [15, 16] . In the WS model, the root-mean-square (rms) deviation with respect to 2149 known nuclear masses is 0.336 MeV. Other successful global nuclear mass formulas can be found in Refs. [17, 18] .
Compared with the above mentioned mass models, the self-consistent mean-field implementation of density functional theory (DFT) stands out as a unique microscopic model that is able to describe nuclei from light to heavy mass regions in a unified way. A beyond mean-field calculation demonstrated that the dynamical correlation energies associated with the quadrupole shape degrees of freedom could improve the DFT description of binding energies and nucleon separation energies further [19, 20] . In the framework of DFT with the Skyrme force, a nuclear mass model has been developed from the Hartree-Fock-Bogoliubov (HFB) approach and has proven its capacity to reproduce the 2149 experimental masses with a rms deviation of 0.581 MeV by considering the Wigner terms phenomenologically and the dynamical correlation energies with the cranking approximation [21] . Using the newly adjusted Gogny force D1M, the HFB approach reproduces the nuclear masses with an accuracy comparable with the mass model of the Skyrme force after including the dynamical correlation energies explicitly within a five-dimensional collective Hamiltonian (5DCH) approach [22] . These studies have demonstrated the importance of the dynamical correlation effects beyond the mean-field approximation in improving the DFT description of nuclear masses [19, 20, 22, 23] .
The covariant density functional theory (CDFT), which relies on the basic ideas of the effective field theory and the DFT, has achieved great success in the description of ground state properties of both spherical and deformed nuclei all over the nuclear chart [24] [25] [26] [27] by including the pairing correlations with a constant-gap BCS method [29] . In Ref. [30] , Geng et al. carried out a global study of the ground state properties of more than 7000 nuclei using a state-dependent BCS method with a zero-range force. The obtained rms deviation with respect to the data of around 2000 measured nuclear masses is about 2.25
MeV. However, here it should be noted that these covariant density functionals were not established for mass models and their parameters in the effective Lagrangian were optimized for a few selected nuclear mass data only. Furthermore the dynamical correlation energies and the Wigner terms were not considered.
In recent years, the CDFT with a point-coupling effective Lagrangian has attracted a lot of attention. It shows great advantages in its extension for describing the nuclear low-lying excited states by implementing the projections and generator coordinate method (GCM) [31] [32] [33] [34] or the 5DCH [35, 36] . In Ref. [37] , the dynamical correlation energies in Mg isotopes were calculated with the exact angular-momentum-projected (AMP) and GCM. The full dynamical quadrupole correlation energy turns out to be dominated by the rotational correction which is sensitive to nuclear shape and shell structure. Similar phenomenon has also been observed previously in a beyond nonrelativistic mean-field calculation [20] . Recently, a new parameterization of the point-coupling effective Lagrangian, PC-PK1, was proposed by fitting the binding energies of 60 spherical nuclei and the charge radii of 17 spherical nuclei from O to Pb isotopes [38] . The success of the PC-PK1 has been illustrated through the description of infinite nuclear matter and finite nuclei including the ground state and low-lying excited states [38] [39] [40] [41] [42] [43] . Moreover, by including the rotational correction, the newly-measured masses for the neutron-rich nuclei from Sn to Pa have been reproduced within 1 MeV [44] and the rms deviation by the PC-PK1 force for about 2000 measured nuclear masses is reduced from 2.25 MeV [30] to 1.42 MeV [45] .
In view of these facts, it is very interesting to investigate the global dynamical correlation energies associated with quadrupole deformations within the CDFT for the nuclei with their masses measured. The aim of this work is to provide the dynamical correlation energies for the 575 even-even nuclei with 8 ≤ Z ≤ 108 and examine the influence of these correlation energies on the predicted masses.
A detailed description of the CDFT using the point-coupling effective Lagrangian has been given previously in Refs. [31, 33-35, 38, 46] and references therein. Therefore here only some numerical details are presented.
In the CDFT calculations, Dirac equation is solved by expanding in a set of eigenfunctions of an axially deformed harmonic oscillator in cylindrical coordinates with 14 major shells for nuclei with Z < 60 and with 18 major shells for the heavier ones. An axial deformation parameter β 2 is defined by the mass quadrupole moment as β 2 = 4π 3AR 2 Q 20 with R = 1.2A
1/3
and Q 20 = 5 16π 3z 2 − r 2 . The pairing correlation is taken into account using the BCS method with a density-independent pairing force. The strength parameters of the pairing force for neutrons and protons are V n = 349.5 and V p = 330 MeV·fm 3 , respectively [38] .
The Dirac equation is solved iteratively starting from different initial Woods-Saxon potentials with deformation β 2 = −0.4, −0.2, 0.0, 0.2, 0.4 for each nucleus until self-consistent convergence is achieved in order to pin down the ground state. We take the ground state corresponding to the mean-field state with the lowest energy.
The dynamical correlation effects associated with quadrupole deformations have been studied in the framework of projected GCM on top of a self-consistent nonrelativistic meanfield model using the SLy4 force [19, 20] , where a topological Gaussian overlap approximation (GOA) for the exact AMP was used to reduce the computation time. In the present work, as the first step, we follow the same way as in Refs. [47, 48] to calculate the dynamical correlation energies, but on top of the CDFT.
The rotational correction energy E rot is,
with the moment of inertia I calculated by the Inglis-Belyaev formula [49, 50] andĴ the angular momentum operator.
The full dynamical correlation energy is given by E rot rescaled by a deformationdependent factor,
with β 2 the calculated quadrupole deformation. The first term in the factor of Eq. (2) an oblate-prolate shape transition or a shape-coexistence structure occurs [53, 54] . For most of these nuclei, the corresponding rotational correction energies are ∼2.5 MeV. As shown in Fig. 2 , the systematic behaviors of both rotational and full dynamical correlation energies are similar in both calculations. However, the rotational correction energies from the cranking approximation are systematically smaller than those from the topological GOA of the AMP calculations [20] . Excluding the spherical nuclei, the rms deviation of these two results is ∼ 0.64 MeV. Furthermore, the full dynamical correlation energies are [20] from the pure AMP and the AMP+GCM (with the topological GOA) calculations by SLy4 (filled circles). In panel (a), the rotational correction energies E rot from the cranking approximation calculation for spherical nuclei (β 2 = 0) are set to zero.
systematically underestimated by the prescription in Eq. (2), except for the nuclei in the middle of N = 82 and N = 126 shells, as well as for the nuclei beyond N = 126, all of which are deformed heavy nuclei, cf. Fig. 1 . In comparison with the exact AMP calculation [20] , it should be noted that the differences might be brought in by either the different treatments of rotational correction energies or the different energy density functionals. A global exact AMP calculation using the PC-PK1 force is needed to address this issue, which is beyond the scope of the present work. with the data for 575 even-even nuclei [55] . The main findings are as follows:
(i) In the CDFT calculation using PC-PK1, the binding energies are systematically underestimated by about 3 MeV. By including the rotational correction energies, which are in between 1.5 and 3 MeV as shown in Fig. 1 , the rms deviation is reduced from 2.58 MeV to 1.27 MeV. The remaining discrepancy between the calculated and measured binding energies for most nuclei is in between -0.5 and 1.5 MeV. By including the full dynamical correlation energies, the rms deviation is reduced down to 1.24 MeV.
(ii) Figure 3 indicate that these nuclei are deformed in the ground states. As discussed in many literatures [56, 57] , the spherical minimum in the deformation energy surface will shift to a deformed state when the dynamical correlation energies are taken into account.
From this point of view, the rotational correction energies are actually not zero for these nuclei, e.g., for 76 Kr, for which the dynamical correlation energy from an exact AMP+GCM calculation using the PC-PK1 force turns out to be 2.4 MeV [57] . Another reason is due to the contribution from the Wigner energy in these nuclei with N close to Z [58, 59] . The inclusion of these effects will further improve the description of masses in this region.
(iv) For the nuclei that are located in the west of (Z, N) ∼ (44, 64), (78, 120) and in the east of (Z, N) ∼ (64, 78), the remaining discrepancies in the binding energies are expected to be reduced after inclusion nonaxial shape degrees of freedom, as demonstrated in the systematic finite-range liquid-drop model calculation [60] , which has shown that there are islands of nonaxial shapes located around these regions. The correction energy from the nonaxial shape degrees of freedom could be up to 0.5 MeV.
(v) The binding energies of the nuclei around Z = 14, 28, 90 are not reproduced well.
They are predicated to be overbound by 2 − 3 MeV after including the full dynamical correlation energies. In Ref. [30] , it has been discussed that the nuclei around Z = 90
and N = 126 are overestimated by RMF approaches. The spherical proton shell gap determined by the relative position of 1h 9/2 and 2f 7/2 orbitals plays an important role in reproducing the masses of nuclei in this region. The underlying reasons for the nuclei with Z = 14, 28 are to be investigated in the future.
In summary, we have carried out a global study of the dynamical correlation energies associated with the quadrupole shapes for the 575 even-even nuclei with proton numbers ranging from Z = 8 to Z = 108 within the CDFT using the PC-PK1 force. The rotational correction energy has been evaluated with the cranking approximation, while the vibrational correction was taken into account phenomenologically. We have compared our results with the values from the projected GCM (topological GOA) calculation using the SLy4 force.
The systematic behavior of dynamical correlation energies is similar. However, our values from the cranking approximation calculation are overall smaller than those given by the projected GCM calculation. By including the dynamical correlation energies, the CDFT prediction with the PC-PK1 force for the masses of 575 even-even nuclei is improved with the rms deviation reduced from 2.58 MeV to 1.24 MeV.
It should be pointed out that the present dynamical correlation energies are calculated with the wave functions of the mean-field ground states. For some nuclei such as 76 Kr and
